Widely spread throughout North Africa, members of the Culex pipiens complex are competent vectors of pathogens such as West Nile Virus (WNV) (Krida et al. 2011 , Amraoui et al. 2012 and Rift Valley Fever Virus (RVFV) (Moutailler et al. 2008 ) that affect humans and/or other animals. Culex pipiens includes two forms, pipiens and molestus, which are morphologically identical but genetically different. Culex pipiens mosquitoes are naturally infected by Wolbachia, which is an endosymbiotic bacterium able to generate multiple effects in its host, such as cytoplasmic incompatibility (Duron et al. 2006, Yen and Barr 1971) . Recently, Wolbachia has attracted much attention as a promising tool to control diseases transmitted by mosquitoes (Atyame et al. 2011 , Joubert and O'Neill 2017 , Joubert et al. 2016 . In Cx. pipiens, this endosymbiotic bacterium is subdivided into five subclades referred as wPip-I to wPip-V groups (Atyame et al. 2011 , Dumas et al. 2013 . wPip-I, the most dominant, was found in Sub-Saharan Africa, South America, and Southeast Asia; wPip-II was found in western Europe; and wPip-III was found in North America and Europe (Dumas et al. 2013) . wPip-IV was found in Europe, Asia, and north Africa and wPip-V was found in Asia (Atyame et al. 2011 , Duron et al. 2006 . It has been reported recently that Cx. pipiens populations from Algeria were infected with wPip 31 (wPip-IV group). A Cx. pipiens population from Tunisia was infected with wPip 11 (wPip-I group) in the east and south, whereas regions in the north and west were infected by wPip 31 (wPip-IV group) (Atyame et al. 2011 , Duron et al. 2006 . In Morocco, no data were available about these bacteria.
Here we studied, for the first time, the diversity of wPip in natural populations of two forms of Cx. pipiens (pipiens and molestus forms) using the two ANK Wolbachia markers ank2 and pk1 in the northern, central, and southern parts of Morocco.
Cx. pipiens were collected as larvae using dipping nets from three bioclimatic regions of Morocco. Tangier located in northern Morocco (humid), Casablanca in the west (semi-arid), and Marrakech in the south (arid), at various sites, urban and rural ( Figure 1 ). The larvae were morphologically identified using software (Brunhes et al. 2000) . All specimens were frozen at −20° C until tested. DNA of individual mosquitoes was extracted using DNAzol solution under conditions recommended by the manufacturer. The mosquitoes were identified using the multiplex PCR described by Bahnck and Fonseca (2006) . For each specimen identified, the wPip type was determined using PCR-RFLP (Restriction Fragment Length Polymorphism) assays based on two ANK Wolbachia markers ank2 and pk1; all PCR amplification conditions were described by Dumas et al. 2013 . Digestion of PCR products was performed after incubation at 37° C according to manufacturer's instructions. The DNA fragments were separated by agarose gel (2%) electrophoresis. The ank2 PCR products digested by the restriction enzyme HinfI allowed the differentiation of three alleles: type-I (one RFLP fragment: 313 bp), type-IV (293 and 217 bp), and type-V (217 and 195 bp). While pk1 products were digested by two different enzymes, TaqI also resulting in the same alleles: I and V with the same fragment size (991, 251, and 107 bp) and III (497, 251, and 107 bp) when the digestion with PstI gives: I (903, 303, 141bp) and V (903, 430bp), while type IV is not digested by PstI.
We tested the diversity of Wolbachia in 459 specimens from natural populations of Cx. pipiens in three cities. In Tangier, 155 individuals were tested, 203 in Casablanca, and 101 in Marrakech. The specific ank2 and pk1 PCR assays showed Wolbachia infection in all tested mosquitoes, indicating that infection exists in the two forms of Cx. pipiens as well as in their hybrids.
All specimens from Tangier and Casablanca were infected only by type I. However, in Marrakech, there was a great diversity of wPip infection; we found that 56 mosquitoes (55%) were infected with wPip-V group, 39 (39%) were infected with wPip-I group, and only six were infected with wPip-IV group (Table 1) . The results showed that the wPip-I group was dominant in the rural area (67%), whereas type V was dominant in the urban site (91%) compared with rural area (28%). In contrast, wPip-IV was detected only in three specimens in rural and in urban areas (Table 1) . Also, we found that 65% of the pipiens form was infected by wPip-V, 28% by wPip-I, and 7% by wPip-IV, whereas 67% of the molestus form were infected by wPip-I, and the remaining 33% were infected by wPip-V. Of hybrids, 50% and 43% were infected by wPip-V and wPip-I, respectively (Table 2) .
For the first time in Morocco, we defined the different forms of Wolbachia and we found types I and IV. These two types of Wolbachia were found recently in Tunisia and Algeria, whereas type V was found for the first time in North Africa. In Tangier and Casablanca, only one wPip phylogenetic group was found (group I). This could be due to the cytoplasmic incompatibility following crossbreeding between individuals, which has conferred an advantage to females infected by this Wolbachia type. Therefore, we expected that wPip-I invades Cx. pipiens populations, facilitating the selective elimination of the other Wolbachia strains. It has been generally described that at a given site, there is only one group of Wolbachia, or Wolbachia belonging to different groups but that are compatible (Aytame et al. 2014) . In Marrakech, three groups of wPip were found (I, IV, and V). We have two hypotheses to explain the diversity of wPip in this area: 1) This diversity could be explained by a recent passive introduction of the two groups (IV and V) through airports. Indeed, Marrakech is a tourist city and millions of tourists visit every year. We are now seeing whether this introduction of the other two groups of Wolbachia is stable or not. 2) Marrakech may be considered as a sympatric zone where close contact between populations of Cx. pipiens infected by the three groups of wPip (I, IV, and V) are present as was already shown in Tunisia (Atyame et al. 2015) . To verify this hypothesis, we will perform sampling around the Marrakech area. These findings show that the diversity of wPip depends on the location. The wPip distribution is likely to result from ancient and recent imprints, underlining the importance of historical contingencies in the population structure of infections. 
